Human capital is increasingly believed to play an important role in the growth process; however, adequately measuring its stock still remains controversial, despite the fact that many measures of human capital have been developed. Many rely on some measure of educational experience see for example,
Introduction
Human capital is frequently discussed but poorly measured. Modern theories of economic growth, such as those of Romer (1986) and Jones and Manuelli (1990) , emphasise human capital in their explanation of the growth process. While there is an empirical counterpart to this growth literature, the proxy measures of human capital used by authors such as Barro and Lee (1993 , 1994 , and 1996 have attracted considerable criticism (Temple, 2000) .
Yet despite this importance, there are few existing estimates of the monetary value of human capital. Moreover, even in countries where attempts are made to estimate the value of human capital, it is not yet standard practice for official statistical agencies to include human capital in their capital stock measures (Wei, 2001) . This is a surprising omission because estimates of the value of human capital predate the formal development of National Accounts statistics. For example, Petty (1690) , estimated the total human capital of England to be £520 million or £80 per capita, and Dublin and Lotka (1930) also made important early contributions.
Because of these deficiencies in the educational stocks approach, Jorgenson and Fraumeni (1989 , 1992a , 1992b have returned to the earlier approach to valuing human capital, introduced by Petty (1690) and Dublin and Lotka (1930) . The basic idea, as will be shown in detail below, is to value the human capital embodied in individuals as the total income that could be generated in the labour market over their lifetime. These expected labour earnings contribute to an extended notion of capital, which Jorgensen and Fraumeni (1989) include in a proposed new system of national accounts for the US economy. Outside the U.S., this method has been applied to the estimate the human capital stock for Sweden (Ahlroth et al, 1997) and Australia (Wei, 2001) , both of which studies found the stock of human capital to greatly exceed that of physical capital.
In this paper we modify the formula outlined by Fraumeni (1989, 1992) and Wei (2001) to place a value on the stock of human capital of the employed work force, or the effective human capital stock, for New Zealand. We focus only on those individuals in employment, since these people are directly participating in economic production and so their human capital is arguably a better measure of the country's productive capacity. Our estimates are based on the discounted present value of expected lifetime labour market incomes. Thus, our study is an example of a forward looking (or prospective) method of measuring human capital (Dagum and Slottje, 2000) . Such methods contrast with backward looking (retrospective) methods based on cost of production concepts, and with the widely used educational stock approach.
In the empirical part of the paper we work mainly with Census of Population data from 1981-2001 to calculate the future stream of incomes that a worker of a given age, gender and education level can expect to earn. This expected income is based on cross-sectional age-income profiles, which are then combined with the probability of enrolment in further education (allowing the worker to "jump" from one profile to another), the probability of participating in the labour force and of continued employment, and age-specific mortality rates. After incorporating expected growth rates and a discount factor, it is possible to calculate the present value of lifetime income, for a person of a given gender and education level. When these per capita estimates are combined with information on the population size of each cohort, the aggregate value of human capital can be calculated. 
Previous New Zealand Literature
Most published research on human capital in New Zealand has dealt with either changing prices --the returns to particular educational qualifications (Maani, 1999 ) -or changing quantities, such as the compositional shift implied by the rising importance of the "information workforce" (Engelbrecht, 2000) . There are also many studies that use proxy indicators within the educational stocks approach, such as Treasury (2001).
To implement equation (1), we make the following assumptions: The retirement age is 66 years, at which point lifetime labour incomes are set to zero. The equation holds separately for men and women. % 6 and % 2 i g (base case). These rates apply to all cohorts unless otherwise specified.
Models
Based on these assumptions, it would be possible to estimate the per capita lifetime labour income for people with any particular level of education.
A basic proposition in labour economics is that people choose the level of education that maximises the present value of their lifetime earnings (Borjas, 2000) . Hence, a person should keep investing in human capital until the cost of the last unit (e.g., a year of schooling or qualification gained) equals the expected change in lifetime income. It is this equilibrium condition that allows lifetime incomeessentially a yield on human capital -to be used in place of cost of production measures when valuing the stock of human capital.
While equation (1) is likely to hold for most of the population over most of their working life, there are also people enrolled in further study who in the context of the model are, essentially, trying to jump onto a higher age-earnings profile. An important innovation of the Jorgenson and Fraumeni method is that they incorporate the extra human capital of these individuals. In contrast, previous methods assumed that people undertaking further study would remain in their current cohort of educational attainment, so their further study did not count for anything. When the model allows further study, individuals face two possible earnings streams; one with continuous work and one with the possibility of delaying work for further study. Hence, lifetime labour incomes for any given cohort are a linear combination of these two earnings streams, where the weights on each depend on the probability of enrolment. Formally:
If the possibility of future enrolment to gain a higher level of education is initially ignored, it is relatively easy to get an estimate of the present value of lifetime labour income from a cross-section (Jorgenson and Fraumeni, 1992) . The general principle used is that a person aged t years with a certain level of education bases their expected earnings n years in the future on the current earnings of people of the same education and gender who are years old. Early applications of this theory included Houthakker (1959) , Weisbrod (1961) , Miller (1965) , and Graham and Webb (1979) . Jorgenson and Fraumeni (1989) simplified the calculations by pointing out the fact that the present value of lifetime labour income for a person of given age is just their current annual labour income plus the present value of their expected lifetime income in the next period (where this expectation depends on employment and survival probabilities). Thus, by backwards recursion it is possible to calculate the present value of lifetime income at each age. For example, Jorgenson and Fraumeni assume that all individuals retire when they are 75 years old, so for a 74-year-old person, the present value of lifetime labour income is just their current labour income. The lifetime labour income of a 73-year-old individual is equal to the present value of lifetime labour income of the 74-year-old plus their current labour income. And so forth. 
But since the focus of our study is on the labour force, equation (2) should be modified as:
(3) 
= percentage of those individuals (of the working age population) undertaking j jt a E th type of study in its t th period. E= all the levels of educational attainment except the lowest, and T= all the study periods of E. L = labour force participation rate.
Similar to Wei (2001) , we assume that the potential working life is from age 21 to 65. A work-A more formal statement of this approach is: study phase occurs from 21-34, where equation (3) holds. A work-only phase occurs from age 35, where equation (1) applies. While equations (1) and (3) can be estimated for any variety of education levels, we initially followed Wei and specified five groups defined by their highest qualification: higher degree; Bachelors degree; diploma; skilled labour; and unqualified. However, it is apparent that in New Zealand there is not much difference between the annual labour incomes of people in the diploma group and those in the skilled labour group. We therefore aggregated these two groups, leaving us with the following breakdown: h=higher degree; b=Bachelors degree; s=skilled labour (UE/6 th Form Certificate, Bursary/7 th Form Certificate and any post-school qualifications recognised by the Census); u=unqualified (School Certificate, not classifiable, other, no qualifications).
The assumptions used to implement equation (3) for the work-study stage are: The study period for a higher degree is two years, conditional on holding a Bachelors degree; The study period for a Bachelors degree is three years, regardless of previous qualification; The study period for a skilled labour qualification is two years; Individuals can only study for a higher educational attainment than they already have (Bachelors degree holders studying for a second Bachelors degree count as studying for a higher degree in the model); The number of students enrolled in anything that requires more than one period is evenly distributed among different study stages. For example, half of the higher degree students are assumed to be in their first year, the other half in their last year of study; Direct costs of study are offset by part-time earnings, so that there is no need to apply negative values of current earnings while studying.
For higher degree holders the calculation of expected lifetime labour income is simplified by the fact that they have reached the highest educational level allowed by the model. Hence, they are in the work-only stage, regardless of their age. Their lifetime labour income is:
For the cohorts whose highest current qualification is a Bachelors degree, lifetime labour income is given by: 
where is the enrolment rate for people a year old, with Bachelors degrees studying for a higher degree. For the cohorts whose highest current qualification falls within the "skilled" group, lifetime labour income is given by: individuals enrolling in a Bachelors degree. The lifetime labour income for the unqualified group is the most complex to calculate because they have the possibility of enrolling either in study towards a skilled labour qualification or in study towards a Bachelors degree: 
Data description
Data were obtained from each Census of Population from 1981 to 2001. The data were in the form of population counts within homogeneous cells defined by age, gender, educational level (as described above), employment status, and income bracket. Depending on the particular Census, the number of cells approached 100,000 (over 800,000 cells for Census 1981), but for most of the analysis we formed the data into 360 cohorts defined by 45 ages (21-65), gender, and four educational levels. For each of these cohorts we calculated the mean annual gross income of the employed, the employment rate, and the enrolment rate. Table 1 contains average income estimates for employees, each weighted by the number of people in the age, gender and education cohort. Many caveats are needed when interpreting these estimates. First, because New Zealand Censuses do not collect data on earnings, we have to use (gross) income as a proxy for market labour earnings. Income in New Zealand Censuses (except for NZ Census 1981) counts all sources and in this way is more broadly defined than in Australian Censuses, where income excludes superannuation. Population, 1981 Population, , 1986 Population, , 1991 Population, , 1996 Population, , 2001 Adjusted to 2001 dollars using the Prevailing Weekly Wage Index PWIQ.S4329 and All Salary & Wage Rates LCIQ.SA53Z9.
Hopefully by using only the incomes of employees, for whom earnings are likely to predominate, we eliminate obvious biases. 1 The annual income for paid employees is applied to employers and self-employed persons with the same gender-education-age-income profile. Because the data are in (varying) intervals, we use the mid-point of the closed intervals. For the open-ended interval at the top of the income distribution (e.g. >$100,000) the mean income for the interval was set at 30 percent above the lower bound, while for the lowest income interval it was set at 80 percent of the upper bound (recommended by Chen, Datt and Ravallion, 1991) . Those who earn nil or negative income are assumed to have a zero income and we distributed those who did not specify their income evenly across the income ranges.
The estimates in Table 1 show how income increases with the level of education, although at younger ages, degree-qualified people earn less than others. On average, real income fell slightly from 1981 to 1991 but the trend has reversed since. This trend, however, is not universal across all groups. Over the 20 year period, the unqualified have seen their income stabilise in real value, whereas the rest of the work force have experienced rising income. There is a large income gap between university degree holders and the less educated, and this gap appears to have widened over time. Although labour force participation among women has significantly risen the gender gap in income remains virtually unchanged after the two decades. On average, women earn 30 percent less than men. As it stands, the lower hourly earnings for females does not necessarily imply gender discrimination in wage rates; it might just mean that women tend to work in less rewarding jobs.
1 Moreover, many other studies in New Zealand use the Census data to estimate "wages" (e.g., Papps, 2001) . Population, 1981 Population, , 1986 Population, , 1991 Population, , 1996 Population, , 2001 Since the most recent three Censuses did not ask about student status, we had to turn to another type of question for enrolment rates. In particular, enrolment is defined as attending study or training courses in the last week (Census 1991, Q20), or attending/studying for a course at school or anywhere else in the last seven days (Census 1996, Q30), or attending/studying for more or less than twenty hours per week at school or any other places in the last four weeks (Census 2001, Q41). We only consider fulltime study and training, to be consistent with the 1981 and 1986 Censuses. Also, those who were attending full time study or training courses over the last week (or, in Census 2001, four weeks) are more likely to be students than part-timers. The 1981 Census is the only one to give enrolment information by current level of study, so we apply the enrolment pattern from the 1981 Census to the enrolment rates (by existing qualification) for the other Censuses. For example, if 80 percent of students from within the "skilled" group were attending university in 1981, we assume that 80 percent of enrolees from the "skilled" group in other Census years are undertaking study for a degree, while letting the overall enrolment rate fluctuate from Census to Census.
Enrolment rates for the population aged 21-34, classified by gender and current highest education level are reported in Table 2 . Those who already hold a university degree are much more likely to be enrolled. Enrolment rates are higher for women than for men, which partly explains why the gender gap in education has significantly narrowed over time. Overall, enrolment rates in 1991 Overall, enrolment rates in and 1996 Overall, enrolment rates in are considerably higher than in 1981 Overall, enrolment rates in and 1986 Enrolment rates in 2001 appear low, since "enrolment" in this Census counts studying/training activities for more than 20 hours a week only, whereas "full-time" in the two preceding Censuses can include courses that last as short as one day. Nevertheless, the inconsistency in how enrolment is defined across Censuses clearly casts doubt on our enrolment data.
The last variable needed to calculate the expected value of lifetime income is survival rates, which were obtained from New Zealand Life Tables. Since survival rates are classified by gender and age only, we assume that the probabilities of surviving do not vary with the level of education.
Estimation results

Basic results
The average per capita lifetime labour incomes (in 2001 dollars) are reported in Table 3 . These figures are weighted averages of lifetime income profiles where the weights are the number of people at each year of age. Consistent with the time trend for annual incomes, as revealed in Table 1 , average lifetime incomes declined in real terms during 1981-91 and started to increase since.
The difference is, however, that although average annual income in 2001 is 9 percent higher than in 1981, average lifetime grew by less than two percent over the period. The major cause of this fall is the decrease in employment rates over the years. In particular, compared with 1981, both employment and real annual income in 1986 were lower, which explained the lower average lifetime income. Source: Authors calculation from New Zealand Census of Population, 1981 Population, , 1986 Population, , 1991 Population, , 1996 Population, , 2001 Population, 1981 Population, , 1986 Population, , 1991 Population, , 1996 Population, , 2001 Adjusted to 2001 dollars using the Prevailing Weekly Wage Index PWIQ.S4329 and All Salary & Wage Rates LCIQ.SA53Z9.
Annual income rose slightly in the next intercensual period, but employment declined dramatically, especially for the less educated, who make up the majority of the population. As a result, expected annual income and lifetime income increased only marginally. In the last 10 years since 1991, both employment and real annual income have risen over time, improving average lifetime income consequently.
The contribution to the stock of aggregate New Zealand human capital by each education and gender group can be found in Table 4 . The share of "unqualified" people in the stock of human capital has declined from one-half of the male total in 1981 to just one-third in 2001, while the proportionate decline is even greater for women. By contrast, the human capital contributed by university degree holders has grown, in both relative and absolute terms. Indeed, this is to be expected, from what was observed earlier that annual incomes of these people have improved relatively the most and that their shares of the population have also grown. For example, in 1991, when the total human capital stock increased by a mere three percent from 1986, the capital accounted for by the university educated grew by 27 percent.
While total human capital increased by half, university degree holders' capital almost quadrupled over the last twenty years. This growth is due primarily to the larger size of the labour force, since expected annual labour income in 2001 is marginally higher than in 1981.
Conclusions
The paper presents some new results on the monetary value of human capital in New Zealand using a forward-looking, lifetime labour income approach. The results are preliminary and reflect some of the modelling assumptions that the imperfect New Zealand data necessitate. However, given the current activity of other researchers in the area of measuring and valuing human capital stocks, we are optimistic that some consensus about the value of the human capital stock may soon emerge.
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